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Background: Olodaterol is a long-acting P^-agonist with a 24-hour bronchodilator profile. Two 
replicate, randomized, double-blind, placebo-controlled, parallel-group. Phase III trials were 
performed as part of a comprehensive clinical program to investigate the long-term safety and 
efficacy of olodaterol in patients with moderate to very severe chronic obstructive pulmonary 
disease (COPD) receiving usual-care background therapy. 

Methods: Patients received olodaterol 5 |a,g or 10 |j.g or placebo once daily for 48 weeks. 
Coprimary end points were forced expiratory volume in 1 second (FEVj) area under the curve 
from 0 to 3 hours (AUC^j) response (change from baseline), and trough FEVj response at 
12 weeks. Secondary end points included additional lung function assessments, use of res- 
cue medications, FEVj AUG response from 0 to 12 hours, and Patient Global Rating over 
48 weeks. 

Results: Overall, 624 and 642 patients were evaluated in studies 1222.11 and 1222.12, 
respectively. In both studies, olodaterol 5 |a,g and 10 |a,g significantly improved the FEVj AUG^j 
response (P<0.0001) and trough FEVj (study 1222.11, P<0.0001; study 1222.12, P<0.05, 
post hoc) at week 12, with an incidence of adverse events comparable with that of placebo. 
Secondary end points supported the efficacy of olodaterol. 

Conclusion: These studies demonstrate the long-term efficacy and safety of once-daily olodat- 
erol 5 |a,g and 10 (ig in patients with moderate to very severe GOPD continuing with usual-care 
maintenance therapy. 

Keywords: chronic obstructive pulmonary disease, bronchodilator, olodaterol 

Introduction 

Long-acting bronchodilators, such as long-acting P^-agonists (LABAs) and long-acting 
muscarinic antagonists (LAMAs), are considered the cornerstone of maintenance therapy 
for patients with chronic obstructive pulmonary disease (COPD),'-^ because they improve 
lung function and reduce dyspnea, hyperinflation, and frequency of exacerbations.^"^ The 
first available inhaled long-acting bronchodilators, such as salmeterol and formoterol, 
were administered twice daily. Tiotropium, the first 24-hour inhaled long-acting bron- 
chodilator, and a LAMA, was infroduced a decade ago. LABAs with 24-hour dosing 
profiles, such as indacaterol, have recently become available, allowing for once-daily 
dosing.* Once-daily dosing may be associated with improved adherence and clinical 
outcomes. Olodaterol is a LABA with a high affinity for, and almost full intrinsic activ- 
ity at, receptors and low-affinity partial agonist activity at Pj receptors.^ ' Preclinical 



submit your manuscript | www.dovepress.c 

Dovepress 

http://dx.doi.org/1 0.2 1 47/COPD.56 1717 



International Journal of COPD 2014:9 629-645 



629 



© 2014 Ferguson et al. This work is published \tf Dove Medical Press Limited, and licensed under Creative Commons AEtribution - Non Commercial (unporEed, v3.0) 
I License. The full terms of the License are available at http://creativecommDns.or^/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/pennissions.php 



Ferguson et al 



Doveoress 



and early clinical studies in COPD and asthma indicated 
that olodaterol has a 24-hour bronchodilatory eiTect'""'^ and 
is well tolerated at single doses up to 20 |J.g," " and over 
3 and 4 weeks at doses up to 20 |J,g per day.'^"* '^ Based on 
these Phase II clinical trials, olodaterol 5 jig and 10 jig were 
selected as the most appropriate doses to investigate further 
in the Phase III COPD program. '^ '^ 

Studies 1222. 1 1 and 1222. 12 form part of a comprehensive 
Phase III clinical development program for olodaterol in COPD, 
comprising five pairs of replicate studies designed to assess 
lung function efficacy and safety over 48 weeks, symptomatic 
benefit, 24-hour bronchodilator profile versus formoterol and 
tiotropium, and exercise capacity. Replicate studies were con- 
ducted to provide independent substantiation of results. 

The lung function benefits of olodaterol 5 jig and 10 |J,g 
were examined in two pairs of replicate pivotal studies in 
patients with moderate to very severe COPD. One pair of 
studies assessed the lung function efficacy and symptom- 
atic benefits of olodaterol in comparison with placebo and 
formoterol after 24 weeks. The pair of studies presented 
here evaluated the lung function efficacy of olodaterol 5 |J,g 
and 10 |J,g once daily after 12 weeks in comparison with 
placebo. The patient population included in these studies 
was chosen to closely represent the range of patients seen in 
clinical practice with regard to disease severity, background 
therapies, and comorbidities. 

Materials and methods 

Study design 

Studies 1222.11 (ClinicalTrials.gov identifier NCT 00782210) 
and 1222.12 (ClinicalTrials.gov identifier NCT 00782509) 



were replicate, multicenter, multinational, randomized, 
double-blind, placebo-controlled, parallel-group Phase III 
trials (Figure 1). Following an initial screening visit and a 
2-week baseline period, patients were randomized to receive 
olodaterol 5 |ig or 10 |Xg once daily or placebo; randomization 
was stratified based on concomitant tiotropium use to ensure 
balanced assignment across treatment arms. Olodaterol was 
administered as two actuations of the Respimat® inhaler 
(Boehringer Ingelheim, Ingelheim, Germany). The treatment 
period was 48 weeks, with a final follow-up 2 weeks later. 
Primary efficacy evaluations were carried out at 12 weeks, in 
line with US Food and Drug Administration requirements,'* 
and longer-term safety and efficacy end points were studied 
over the 48-week period. 

The studies were carried out in accordance with the 
principles of the Declaration of Helsinki and the Interna- 
tional Conference on Harmonisation Harmonised Tripartite 
Guideline for Good Clinical Practice, and written informed 
consent was obtained from each patient. 

Patients 

Patients with a diagnosis of moderate to very severe COPD 
(Global initiative for chronic Obstructive Lung Disease 
[GOLD] stage 2^) were recruited if they met the following 
inclusion criteria: post-bronchodilator forced expiratory 
volume in 1 second (FEVj) less than 80% predicted; FEV/ 
forced vital capacity (FVC) less than 70% predicted; age at 
least 40 years with a smoking history of more than 10 pack- 
years. There was no lower limit for FEVj. Key exclusion 
criteria were: history of asthma; significant disease other than 
COPD (a disease that may put the patient at risk because of 
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Olodaterol 10 QD 
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Figure I Trial design for studies 1222.11 and 1222.12. 
Abbreviation: QD, once daily. 
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participation, may cause concern about the patient's ability to 
take part, or may influence the results); history of myocardial 
infarction or hospitalization due to heart failure in the pre- 
vious year; unstable or life-threatening cardiac arrhythmia; 
regular use of daytime oxygen therapy (if patients were con- 
sidered unable to abstain from use during clinic visits). 

Patients continued with usual background maintenance 
therapy other than LABAs for the study duration, including 
LAMAs and short-acting muscarinic antagonists, inhaled 
corticosteroids, and methylxanthines. A 48-hour washout 
period was required for LABAs and patients receiving such 
medications were allowed to switch to short-acting muscar- 
inic antagonists. All patients were provided with salbutamol 
for use as rescue medication, as needed, during the baseline, 
treatment, and follow-up periods. 

Study outcomes 

The coprimary efficacy end points were FEVj area under 
the curve from 0-3 hours (AUC^^j) response (change from 
baseline) and trough FEVj response (measured as predose 
FEVj) at 12 weeks. Secondary end points included FEVj 
AUC from 0-12 hours (AUC^ jj) response at 12 weeks 
(subset of patients only), and rescue medication use, Patient 
Global Rating (PGR)," and additional lung function assess- 
ments over 48 weeks (FEVj AUG,, 3 response, trough FEVj 
response, FVC AUC(,_3 response, and peak expiratory flow 
rate). Safety end points included adverse events, vital signs, 
clinical laboratory testing, and electrocardiogram. 

Assessments 

Qualifying pulmonary function tests (PFTs) were conducted 
at screening. Predose PFTs (FEVj and FVC) were performed 
at 10 minutes prior to study drug inhalation (-0: 10) on day 1 
and after 2, 6, 12, 24, and 48 weeks of treatment. An addi- 
tional 1 hour predose (-1 :00) PFT was performed on day 1 
and at weeks 6 and 12. Thus, trough FEVj was the -0:10 
measurement or the mean of the -0:10 and -1:00 PFTs, 
depending on the visit. Post-dose PFTs were performed at 
0:05, 0: 15, 0:30, 1:00, 2:00, and 3:00 on day 1, and after 2, 6, 
12, 24, and 48 weeks. For the subset of patients included in the 
FEVj AUCjj^ij assessment at week 12, additional post-dose 
PFTs were performed at 4:00, 5:00, 6:00, 8:00, 10:00, and 
12:00. Spirometric tests were performed in accordance with 
American Thoracic Society and European Respiratory Soci- 
ety criteria, and the highest FEVj and FVC were recorded.'^ 
Patients recorded their peak expiratory flow rate twice daily 
using an electronic peak flow meter for the duration of the 
study. The electronic device was also used as a diary to record 
rescue salbutamol and study drug use. Patients were asked 



to rate their respiratory health using a seven-point scale at 
weeks 6, 12, 24, and 48 to provide the PGR score. 

All adverse events and serious adverse events were 
recorded. Pulse rate and blood pressure were recorded at 
every clinic visit, and blood chemistry, hematology, and 
urinalysis were assessed at weeks 6 and 12. A 12-lead elec- 
trocardiogram was performed at screening, baseline, and at 
week 6, 12, 24, and 48 study visits predose and 40 minutes 
post-dose; 24-hour Holter monitoring was carried out in a 
subset of patients prior to randomization and then after clinic 
visits at 12, 24, 40, and 48 weeks (total of 393 patients across 
both studies). 

Statistical analysis 

A sample size of 200 patients per group for each study was 
planned to provide 90% power to detect a difference in 
means of 75 mL in trough FEVj response, with an expected 
standard deviation of 0.226 L between olodaterol groups and 
placebo at the one-sided alpha of 0.025 (corresponding to a 
two-sided alpha of 0.05). 

The full analysis set was defined as all randomized 
patients who received at least one dose of treatment and had a 
baseline and at least one post-randomization measurement at 
or before 12 weeks for either coprimary efficacy variable. The 
full analysis set was used for all analyses presented here. 

The mean change from baseline in the two coprimary 
end points was analyzed using a mixed model for repeated 
measurements with fixed, categorical effects of treatment, 
tiotropium use stratum, test day, treatment by test-day 
interaction, treatment by tiotropium use stratum interaction, 
tiotropium use stratum by test-day interaction, and treatment 
by tiotropium use stratum by test-day interaction, as well as 
the continuous, fixed covariates of baseline and baseline by 
test-day interaction. These were tested in hierarchical order 
as detailed in Table S 1 . Tiotropium use stratum was originally 
included as a covariate in the statistical model to meet 
International Conference on Harmonisation E9 guidelines." 
However, inclusion of the tiotropium stratum interaction 
terms within the original statistical model weighted the 
strata equally rather than proportional to stratum size when 
in fact the stratum sizes were very different. In addition 
to inappropriately weighting the strata, this also resulted 
in increased variability. As this issue was not recognized 
until after unblinding, the planned analysis was amended to 
remove the treatment-by-tiotropium stratum interaction from 
the analysis. We demonstrated that removal of treatment- 
by-tiotropium stratum interaction had little effect on the 
overall analysis (Table S2). The same model was used for 
spirometry and the same model without the covariates was 
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used for PGR. An analysis of covariance model was used for 
each week to analyze peak expiratory flow rate and rescue 
medication use with the fixed categorical effects of treatment, 
tiotropium stratum, and baseline. For FEV, AUC^ j^, as only 
one measurement was taken, an analysis of covariance model 
was used. 

Prespecified analyses based on the combined dataset 
from studies 1222.1 1 and 1222.12 were conducted to assess 
the FEVj AUCj^jj and Holter electrocardiogram monitoring 
outcomes, as these assessments were performed in only a 
subset of patients in each study. Combined analysis of other 
end points, including lung function results, PGR, and rescue 
medication use, was performed in addition to analyses for 



each individual study; selected combined data are presented 
here for simplicity. 

Results 

Patient disposition and baseline 
characteristics 

In study 1222.11, 859 patients were enrolled from the USA, 
Germany, Australia, New Zealand, China, and Taiwan; of 
these, 625 were randomized and 624 were treated (Figure 2A). 
In study 1222.12, 892 patients were enrolled from the USA, 
Germany, China, and Taiwan; 644 of these were randomized 
and 642 were treated (Figure 2B). There was an overall discon- 
tinuation rate of 1 9% in study 1222.11, with a higher rate in the 





Patients screened 


Patients not 
randomized 




n=859 






n=234 




Patients randomized 




n=625 



Patients not treated 



Placebo 
Treated n=209 (100%) 



Olodaterol 5 (ig QD 
Treated n=208 (100%) 



Olodaterol 10 pg QD 
treated n=207 (100%) 



Discontinued treatment 
n=50 (23.92%) 



Discontinued treatment 
n=35 (16.83%) 



Completed 
n=159 (76.08%) 



Discontinued treatment 
n=35 (16.91%) 



Completed 
n=173 (83.17%) 



Completed 
n=172 (83.09%) 



B 





Patients screened 








n=:892 




Patients not 
















randomized 








n=248 




Patients randomized 




Patients not treated 




n=644 




n=2'' 



Placebo 
Treated n=216 (100%) 



Discontinued treatment 
n=41 (18.98%) 



Completed 
n=175 (81.02%) 



Olodaterol 5 |ig QD 
Treated n=209 (100%) 



Discontinued treatment 
n=24 (11.48%) 



Completed 
= 185 (88.52%) 



Olodaterol 10 pg QD 
Treated n=217 (100%) 



Discontinued treatment 
n=36 (16.59%) 



Completed 
=181 (83.41%) 



Figure 2 Participant flow in study 1222.1 I (A) and study 1222.12 (B). 

Notes: ^One patient not treated because electrocardiogram was reviewed after randomization and was abnormal: ''one patient was excluded due to lack of Health Insurance 
Portability and Accountability Act authorization: one patient discontinued prior to first drug dose. 
Abbreviation: QD, once daily. 
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placebo group (24%) compared with the active treatment groups 
(17% at both doses). In study 1222.12, the overall discontinua- 
tion rate was 1 6%), again with a higher rate in the placebo group 
(19%) than in the active treatment groups (11% and 17% with 
olodaterol 5 |J.g and 10 jig, respectively) (Figure 2; reasons 
for discontinuations provided in Figure SI). Patient baseline 
characteristics were comparable between treatment groups in 
both studies (Table 1). More than 70% of patients in both stud- 
ies were taking puhnonary medication at baseline; 21%-25%) 
of patients across groups in study 1222.1 1 and 15%-22% of 
patients in study 1222.12 were receiving tiotropium (Table 1).A 
total of 12.0% of patients in study 1222. 1 1 and 13. 1% in study 
1222.12 were categorized as having GOLD stage 4 disease. 

Efficacy 

Lung function 

After 12 weeks, statistically significant improvements com- 
pared with placebo were demonstrated in the coprimary end 
point of FEVj AUC^ 3 response for both olodaterol 5 jig and 



10 |ig once daily in studies 1222.1 1 and 1222.12 (P<0.0001, 
Table 2 and Table S3). Statistically significant improvements 
versus placebo in the coprimary end point of trough FEVj 
response were also observed at week 12 with both doses of 
olodaterol in study 1222. 1 1 (P<0.0001) and in study 1222.12 
(5 |ig, P<0.05; 10 |ig, P<0.01; Table 2 and Table S3). 
These improvements were also evident at weeks 24 and 48 
(Table 2 and Table S3). There were no statistically signifi- 
cant differences between olodaterol 5 jig and 10 |J,g in either 
coprimary end point. Comparison of lung fiinction analysis by 
original and revised statistical models demonstrated similar 
results (Table S2). Analysis of the combined data set found no 
statistically significant treatment-by-tiotropium stratum inter- 
action (results of the coprimary end points in the tiotropium 
and non-tiotropium strata are provided in Table S4). 

Over the 48-week treatment period, the FEVj AUC^ j 
response with olodaterol 5 |J,g and 10 jig once daily was 
significantly improved compared with placebo at all time 
points in studies 1222.1 1 and 1222.12 (P<0.0001, Figure 3). 



Table I Baseline demographics and patient characteristics 





Study 1222.1 1 






Study 1222.12 








Placebo 


Olodaterol 


Olodaterol 


Placebo 


Olodaterol 


Olodaterol 




(n=209) 


S (ig (n=208) 


10 ng (n=207) 


(n=2l6) 


S ng (n=209) 


lOng (n=2l7) 


Male, n (%) 


1 52 (72.7) 


150 (72.1) 


1 55 (74.9) 


1 52 (70.4) 


1 52 (72.7) 


152 (70.0) 


Mean (SD) age, years 


65.8 (8.5) 


64.0 (8.6) 


65.0 (8.2) 


63.8 (8.3) 


64.7 (8.1) 


65.4 (9.7) 


Smol<ing status, n (%) 














Ex-smol<er 


1 23 (58.9) 


133 (63.9) 


127 (61.4) 


125 (57.9) 


1 1 1 (53.1) 


125 (57.6) 


Current smol<er 


86 (41.1) 


75 (36.1) 


80 (38.6) 


91 (42.1) 


98 (46.9) 


92 (42.4) 


Pre-bronchodilator mean (SD) FEV|, L 


1.17 (0.45) 


1.13 (0.44) 


1 .20 (0.47) 


1 .20 (0.53) 


1.21 (0.47) 


1.17 (0.52) 


Post-bronchodilator 














Mean (SD) FEV,, L 


1.33 (0.49) 


1 .32 (0.48) 


1 .37 (0.49) 


1.37 (0.56) 


1 .38 (0.50) 


1.32 (0.54) 


Mean (SD)% predicted normal FEV, 


49.1 (15.4) 


48.1 (15.4) 


49.4 (15.5) 


49.1 (16.7) 


49.2 (14.5) 


484 (15.4) 


Mean (SD) FEV/FVC, % 


45.1 (1 1.73) 


45.2 (12.18) 


45.5 (1 1.67) 


45.6 (12.35) 


46.7 (1 1.54) 


44.9 (1 1.89) 


Mean (SD) change from pre- to 


0.17 (0.15) 


0.19 (0.14) 


0.17 (0.13) 


0.17 (0.15) 


0.17 (0.20) 


0.15 (0.15) 


post-bronchodilator FEV|, L 














GOLD stage, n (%) 














1 


0 (0.0) 


0 (0.0) 


0 (0.0) 


1 (0.5)" 


0 (0.0) 


1 (0.5)' 


2 


101 (48.3) 


93 (44.7) 


93 (44.9) 


106 (49.1) 


103 (49.3) 


94 (43.3) 


3 


83 (39.7) 


86 (41.3) 


93 (44.9) 


72 (33.3) 


84 (40.2) 


97 (44.7) 


4 


25 (12.0) 


29 (13.9) 


21 (lO.I) 


37(17.1) 


22 (10.5) 


25 (1 1.5) 


Baseline pulmonary medications 














Any pulmonary medication, n (%) 


165 (78.9) 


168 (80.8) 


170 (82.1) 


159 (73.6) 


153 (73.2) 


156 (71.9) 


SAMA,'' n (%) 


42 (20.1) 


46 (22.1) 


42 (20.3) 


42 (19.4) 


29 (13.9) 


38 (17.5) 


LAMA (tiotropium),' n (%) 


53 (25.4) 


44 (21.2) 


51 (24.6) 


38 (17.6) 


33 (15.8) 


48 (22.1) 


SABA (inhaled),' n (%) 


102 (48.8) 


1 1 1 (53.4) 


1 12 (54.1) 


109 (50.5) 


106 (50.7) 


102 (47.0) 


LABA (inhaled)," n (%) 


73 (34.9) 


72 (34.6) 


80 (38.6) 


73 (33.8) 


72 (34.4) 


75 (34.6) 


Oral p-adrenergics, n (%) 


6 (2.9) 


4(1.9) 


1 (0.5) 


4(1.9) 


4(1.9) 


6 (2.8) 


Steroids, n (%) 














Inhaled'' 


89 (42.6) 


86 (41.3) 


93 (44.9) 


91 (42.1) 


86 (41.1) 


73 (33.6) 


Oral" 


6 (2.9) 


12 (5.8) 


3(1.4) 


5 (2.3) 


5 (2.4) 


5 (2.3) 


Xanthines," n (%) 


30 (14.4) 


29 (13.9) 


31 (15.0) 


25 (II. 6) 


25 (12.0) 


21 (9.7) 



Notes: ^Post-bronchodilator FEV| of 82.1% and 80.0%, respectively; ''continued during treatment period; '^all patients were provided with salbutamol as rescue medication 
during the study; ^patients permitted to switch to a SAMA for study period. 

Abbreviations: SD, standard deviation; FEV|, forced expiratory volume in I second; FVC, forced vital capacity; GOLD, Global initiative for chronic Obstructive Lung 
Disease; SAMA, short-acting muscarinic antagonist; LAMA, long-acting muscarinic antagonist; SABA, short-acting p^-agonist; LABA, long-acting p^-agonist. 
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Table 2 Adjusted mean FEV| responses (difference from placebo) at key time points 












from placebo, L 


Olodaterol 


Olodaterol 


Olodaterol 


Olodaterol 


\ A/ ^ „ 1 , 

week 


5 ng (n=206) 


IOKg(n=206) 


5 iig (n=207) 


IOng(n=2IS) 


12 (coprimary end point) 


0.172 (0.019)**** 


0.176 (0.019)**** 


CIS! (0.017)**** 


0.143 (0.017)**** 


24 


0.174 (0.019)**** 


0.161 (0.019)**** 


0.165 (0.018)**** 


0.136 (0.018)**** 


48 


0.173 (0.019)**** 


0. 1 69 (0.020)**** 


0.16! (0.018)**** 


0.158(0.018)**** 


Mean (SE) trough difference 


Study 1222.1 1 




Study 1222.12 




from placebo, L 


Olodaterol 


Olodaterol 


Olodaterol 


Olodaterol 


Week 


5 Kg (n=l99) 


IOKg(n=202) 


S ng (n=205) 


10 ng (n=207) 


12 (coprimary end point) 


0.091 (0.019)**** 


O.IOI (0.019)**** 


0.047 (0.019)* 


0.048 (0.019)** 


24 


0.086 (0.0 1 9)**** 


0.089 (0.019)**** 


0.069 (0.019)*** 


0.058 (0.019)** 


48 


0.092 (0.0 1 9)**** 


0.091 (0.019)**** 


0.068 (0.019)*** 


0.071 (0.019)*** 


Notes: *P<0.05; **P<0.0 1 ; ***P<0.00 1 ; ****P<0.000 1 . Number of patients 


n the placebo arm of the AUC. , 


analysis was 208 for 1 222. II and 2 1 5 for 1 222. 1 2. Number of 


patients in the placebo arm of the trough difference analysis was 200 for 1222.1 1 and 205 for 1222.12. 






Abbreviations: FEV,, forced expiratory volume 


in 1 second; SE, standard error; AUC^^^, area under the curve from 0—3 hours. 





Trough FEVj response was significantly improved compared 
with placebo with both doses of olodaterol at all time points 
measured over the 48-week period (/'<0.0001) in study 
1222.11 and at all but one time point in study 1222.12 
(P<0.0001-P=0.0186 except day 225, olodaterol 10 |ig, 
P=0.\6U). 

FVC AUC|, 3 response mirrored the FEVj results, and 
was significantly improved compared with placebo with both 



olodaterol doses at all time points over 48 weeks for both 
studies (P<0.0001, Table 3). In study 1222.11 (but not study 
1222.12), the trough FVC response was statistically signifi- 
cantly improved at all time points over 48 weeks with both 
doses of olodaterol once daily versus placebo (/'<0.0001- 
P<0.05, Table 3). 

Improvements in FEVj with olodaterol were evident from 
5 minutes after the first dose. In the combined data set, mean 



study 1222.11 



Placebo (n=208) 
Olodaterol 5 \ig (n=206) 
Olodaterol 1 0 ng {n=206) 




150 200 250 
Test day 



350 



Study 1222.12 



0.24 



Placebo (n=215) 
Olodaterol 5 \ig (n=207) 
Olodaterol 10 ng (n=215) 




150 200 
Test day 



350 



B 



Study 1222.11 



0.10- 
0.08 ■ 
0.06 ■ 
0.04- 
0.02- 
0.00- 
-0.02- 
-0.04- 
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Figure 3 FEV, AUC^j (A) and trough FEV, (B) over 48 weeks in study 1 222. 1 I and study 1 222. 1 2. 
Abbreviations: FEV|, forced expiratory volume in I second; AUC^^ area under the curve from 0-3 hours. 
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Table 3 Adjusted mean FVC responses at key time points 


Mean (5c) AUC|j_^ difference 


Study 1 222. 1 1 




Study 1 222. 1 2 




from placebo, L 


Olodaterol 


Olodaterol 


Olodaterol 


Olodaterol 


Week 


5 ng (n=206) 


1 0 (n=206) 


5 ^g (n=207) 


10 ng (n=2l5) 


12 


0.275 (0.037)**** 


0.292 (0.037)**** 


0.239 (0.035)**** 


0.245 (0.035)**** 


24 


0.235 (0.038)**** 


0.254 (0.038)**** 


0.241 (0.036)**** 


0.219(0.035)**** 


48 


0.244 (0.018)**** 


0.271 (0.038)**** 


0.217 (0.036)**** 


0.218(0.036)**** 


Mean (SE) trough difference 


Study 1 222. 1 1 




Study 1222.12 




from placebo, L 


Olodaterol 


Olodaterol 


Olodaterol 


Olodaterol 


Week 


5ng (n=l99) 


1 0 ^g (n=202) 


5 ^g (n=205) 


10 ng (n=207) 


12 


0.1 15 (0.037)** 


0.160 (0.037)**** 


0.032 (0.037) 


0.048 (0.037) 


24 


0.083 (0.037)* 


0.123 (0.037)** 


0.045 (0.037) 


0.070 (0.037) 


48 


0.094 (0.038)* 


0.1 15 (0.038)** 


0.046 (0.038) 


0.062 (0.038) 


Notes: *P<0.05; **P<0.0 1 ; *"*P<0.000 1 . Number of patients in the placebo arm 


of the AUC analysis was 


208 for 1 222. 1 1 and 2 1 5 for 1 222. 1 2. Number of patients in 


the placebo arm of the trough difference 


analysis was 200 for 1 222. 1 1 and 205 for 1 222. 1 2. 






Abbreviations: FVC, forced vital capacity; SE, standard error; AUC^^^, area under the curve from 0-3 hours. 







differences from placebo on day 1 at 5, 15, and 30 minutes were 
0. 11 8, 0. 1 52, and 0. 1 60 L (P<0.000 1 versus placebo), respec- 
tively, with olodaterol 5 |J,g, and 0.117, 0. 149, and 0. 1 60 L with 
10 |ig (P<0.0001 versus placebo). FEV; results fi-om -1:00 
predose to 3:00 post-dose are shovm for the individual studies 
in Figure 4 and the combined data are shown in Figure S2. 

A prespecified analysis of combined data from studies 
1222.11 and 1 222 . 1 2 for the subset of patients who underwent 
PFTs up to 12 hours post-dose was performed, with FEVj 
AUCji j2 response significantly improved with olodaterol 
5 |ig (0.137 L; P<0.0001) and olodaterol 10 |ig (0.124 L; 
/'<0.0001) at week 12 compared with placebo (n=562). 

The weekly mean morning and evening peak expira- 
tory flow rate were supportive of the FEVj results and were 
statistically significantly improved with both olodaterol 
doses compared with placebo in study 1222. 1 1 (/'<0.0001- 
P=0.0063) and study 1222.12 (P<0.0001-P=0.0325) over 
48 weeks (Figure S3). 

Rescue medication use 

Weekly mean daytime and nighttime rescue medication use 
with olodaterol was significantly reduced versus placebo over 
the 48 weeks of treatment in the combined data set; at week 
48, daytime rescue medication use was reduced for olodaterol 
5 |J.g by 0.46 actuations/day (P<0.0001) and for 10 |J.g by 
0.57 actuations/day (/'<0.0001); night-time rescue medica- 
tion use was reduced for olodaterol 5 |ig by 0.50 actuations/day 
(P<0.0001) and for 10 |ig by 0.78 actuations/day (P<OMO\ ; 
data from combined analysis and individual trials presented 
in Figure S4 and Table S5, respectively). 

Patient Global Rating 

PGR scores," based on the combined data set (post hoc analy- 
sis), were statistically significantly improved versus placebo 



with both olodaterol doses (P<0.0001 at weeks 6, 12, and 
24; P=0.0041, 5 |ig and P<0.0001, 10 |ig at week 48). At 
week 12, mean PGR scores were 3.0 with both olodaterol 
doses and 3.3 with placebo. Results are presented for the 
individual studies in Table S6. 

Safety 

In both studies, the incidences of adverse events, serious 
adverse events, deaths, and adverse events leading to discon- 
tinuations with olodaterol 5 jig and 10 |J,g once daily were 
similar to those for placebo (Table 4). The most common 
adverse event was exacerbation of COPD, which occurred 
in 34.0%, 24.0%, and 32.4% of patients receiving placebo, 
olodaterol 5 jig, and olodaterol 10 jig, respectively, in study 
1222.11, and in 25.5%, 22.0%, and 27.2% of patients, 
respectively, in study 1222.12. Serious adverse events were 
reported by 16.3%, 18.8%, and 20.8% of patients with pla- 
cebo, olodaterol 5 |ig, and olodaterol 10 jig, respectively, in 
study 1222.1 1, and by 14.8%, 15.3%, and 17.1% ofpatients, 
respectively, in study 1222.12. 

Analysis of laboratory parameters indicated an upward shift 
in creatine phosphokinase in the olodaterol groups compared 
with placebo in studies 1 222 . 1 1 and 1 222 . 1 2 using maximum 
on-treatment values (change from baseline in study 1222. 1 1 : 
placebo -24 U/L, olodaterol 5 |J,g +8 U/L, olodaterol 10 |J,g 
+59 U/L, and in study 1222. 12: placebo -14 U/L, olodaterol 5 
and 1 0 jig +7 U/L) . One patient receiving olodaterol 1 0 jig in 
study 1222. 1 1 and no patients in study 1222. 12 discontinued 
early due to increased blood creatine phosphokinase. No other 
notable changes in mean values for other clinical laboratory 
results, vital signs, electrocardiogram results, Holter monitor- 
ing, or physical examinations were found. 

In study 1222. 1 1 , there were five deaths during the treat- 
ment period (three in the olodaterol 5 ^g group [all due to 
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Figure 4 FEV| over time from I hour pre-dose to 3 hours post-dose in study 1 222. 1 I and study 1 222. 1 2 at day I (A) and week 1 2 (B). 
Abbreviations: FEV|, forced expiratory volume in 1 second; h, hours. 



COPD exacerbation], one in the 10 |J,g group [lung cancer], 
and one in the placebo group [aortic aneurysm]). There were 
four post-study deaths reported in the vital status follow-up 
during the planned observation period (48 weeks plus 
2 weeks); all had discontinued the study (two in the placebo 
group, one in the olodaterol 5 jig group, and one in the olo- 
daterol 10 jig group), and one death outside of the planned 
observation period in a patient who had completed the study. 
In study 1222.12, there were five deaths during the treatment 
period (one in the placebo group [COPD exacerbation] and 
four in the olodaterol 10 |J,g group [pneumonia, lung cancer, 
COPD exacerbation, and unknown cause]). Four post-study 
deaths were reported during the planned observation period; 
all patients involved had discontinued the study (two in the 
placebo group, one in the olodaterol 5 jig group, and one in 
the olodaterol 10 |J,g group). None of these deaths in either 
study were considered related to the study drug. Further 
safety data from these trials have already been presented.^" 

Discussion 

In this replicate pair of Phase III studies, analyses indicated 
that the coprimary end points were met, with olodaterol 



5 jig and 10 jig once daily demonstrating significant 
improvements in FEVj AUCj 3 response and trough FEV, 
response compared with placebo at 12 weeks in patients 
with GOLD 2-4 COPD receiving usual-care maintenance 
therapy. We detected no difference in efficacy between 
olodaterol 5 jig and 10 jig. These coprimary end points 
demonstrate the full effect of olodaterol over the 24-hour 
dosing interval considering both peak and trough lung 
function. 

The results of the secondary lung function end points 
support these data and also show the longer-term efficacy of 
olodaterol over 48 weeks. Olodaterol showed a rapid onset of 
action, with improvements in FEVj at 5 minutes post-dose. 
Over 48 weeks, use of rescue medication was also signifi- 
cantly reduced and PGR improvements were maintained. 

The incidence of adverse events was similar to that 
of placebo and no safety concerns were highlighted. The 
only laboratory parameter showing a notable change with 
olodaterol treatment was blood creatine phosphokinase 
concentration, possibly as a result of the pharmacologic 
effect of olodaterol. This is generally associated with mild or 
no symptoms^' and there was no increase in adverse events 
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Table 4 Summary of AEs in Studies 1 222. 1 I and 1 222. 1 2 





Study 1222.1 1 






Study 1222.12 






Placebo, 


Olodaterol 


Olodaterol 


Placebo, 


Olodaterol 


Olodaterol 




n (%) 


5 ^g, n (%) 


1 0 ng, n (%) 


n (%) 


5 Hg. n (%) 


1 0 ng, n (%) 




(n=209) 


(n=208) 


(n=207) 


(n=2l6) 


(n=209) 


(n=2l7) 


Any AE 


ISS (74.2) 


151 (72.6) 


146 (70.5) 


146 (67.6) 


142 (67.9) 


163 (75.1) 


Drug-related' 


1 9 (9. 1 ) 


16(7.7) 


1 0 (4.8) 


18 (8.3) 


18 (8.6) 


16(7.4) 


AEs leading to discontinuation 


20 (9.6) 


15(7.2) 


16(7.7) 


19 (8.8) 


9 (4.3) 


1 9 (8.8) 


Serious AEs 


34 (16.3) 


39 (18.8) 


43 (20.8) 


32 (14.8) 


32 (15.3) 


37(17.1) 


Fatal AEs (on treatment) 


1 (0.5) 


3(1.4) 


1 (0.5) 


1 (0.5) 


0 (0.0) 


4(1.8) 


AEs with an incidence >3% 














COPD exacerbations 


71 (34.0) 


50 (24.0) 


67 (32.4) 


55 (25.5) 


46 (22.0) 


59 (27.2) 


Upper respiratory tract infection 


15(7.2) 


21 (lO.I) 


13(6.3) 


17(7.9) 


20 (9.6) 


22 (lO.I) 


Nasopharyngitis 


13(6.2) 


2! (lO.I) 


13(6.3) 


18 (8.3) 


19 (9.1) 


25 (1 1.5) 


Bronchitis 


8 (3.8) 


1 1 (5.3) 


6 (2.9) 


6 (2.8) 


7 (3.3) 


7 (3.2) 


Urinary tract infection 


4(1.9) 


9 (4.3) 


5 (2.4) 


0 


3(1.4) 


5 (2.3) 


Pneumonia 


6 (2.9) 


3(1.4) 


3(1.4) 


5 (2.3) 


4(1.9) 


9(4.1) 


Sinusitis 


8 (3.8) 


1 (0.5) 


7 (3.4) 


7 (3.2) 


3(1.4) 


6 (2.8) 


Dizziness 


4(1.9) 


7 (3.4) 


4(1.9) 


6 (2.8) 


6 (2.9) 


6 (2.8) 


Hypertension 


12(5.7) 


3(1.4) 


8 (3.9) 


7 (3.2) 


8 (3.8) 


5 (2.3) 


Ventricular extrasystoles 


1 (0.5) 


2(1.0) 


1 (0.5) 


2 (0.9) 


6 (2.9) 


7 (3.2) 


Cough 


8 (3.8) 


14(6.7) 


7 (3.4) 


4(1.9) 


10 (4.8) 


3(1.4) 


Dyspnea 


1 1 (5.3) 


10 (4.8) 


4(1.9) 


4(1.9) 


5 (2.4) 


4(1.8) 


Diarrhea 


7 (3.3) 


9 (4.3) 


4(1.9) 


4(1.9) 


4(1.9) 


6 (2.8) 


Nausea 


4(1.9) 


5 (2.4) 


7 (3.4) 


3(1.4) 


2(1.0) 


5 (2.3) 


Constipation 


7 (3.3) 


3(1.4) 


6 (2.9) 


3(1.4) 


0 


5 (2.3) 


Headache 


3(1.4) 


3(1.4) 


4(1.9) 


II (5.1) 


7 (3.3) 


4(1.8) 


Back pain 


4(1.9) 


4(1.9) 


7 (3.4) 


3(1.4) 


8 (3.8) 


8 (3.7) 


Arthralgia 


2(1.0) 


7 (3.4) 


1 (0.5) 


2 (0.9) 


4(1.9) 


4(1.8) 



Note: Hnvestigator-deflned. 

Abbreviations: AE, adverse event; COPD, chronic obstructive pulmonary disease. 



among affected patients. The incidence of COPD exacerba- 
tion was similar with olodaterol and placebo. While previous 
studies of LABAs suggest a reduction of exacerbations, it 
should be noted that the inclusion of background medications 
in this study would make comparison of exacerbations dif- 
ficult and, in fact, this study was not designed to investigate 
exacerbation rate. 

The effect sizes observed were in line with expectations 
for populations that include patients with very severe COPD, 
who are ofl:en excluded from COPD studies,^^ and patients 
continuing with all non-LABA background bronchodilatory 
medications, corticosteroid medications, or combination 
therapies taken at baseline. This is consistent with comparable 
responses between olodaterol and formoterol in complemen- 
tary trials in the Phase III program that also recruited from 
this broader population base.^^'^"* The importance of consider- 
ing patient characteristics when interpreting effect size has 
previously been identified. The rationale for employing 
these expanded inclusion criteria in the olodaterol Phase III 
program was to more closely represent the patients who are 
commonly encountered in clinical practice, such as those 



with more severe disease and patients being treated with 
usual-care medication,^* including short-acting muscarinic 
antagonists and LAMAs. 

Although the study design permits conclusions about the 
benefits of olodaterol in COPD patients receiving usual-care 
background therapy, including simultaneous use of other 
respiratory treatments, it does not permit specific conclu- 
sions about the efficacy of olodaterol in combination with 
muscarinic antagonists. Randomization was stratified by 
tiotropium use to ensure a balance across treatment groups 
and, accordingly, the results for the individual tiotropium 
strata are presented here. Olodaterol demonstrated a benefit 
versus placebo regardless of whether patients did or did not 
receive tiotropium. Perhaps unsurprisingly, the effect sizes 
were smaller in patients receiving tiotropium. However, 
evaluation of the efficacy of olodaterol in combination with 
tiotropium requires a trial design where all patients are coad- 
ministered olodaterol and tiotropium either as a free combi- 
nation (studies presently being conducted: NCTO 1694771, 
NCTO 169605 8) or as a fixed combination (Phase II studies 
completed; Phase III studies completed: NCT01533935, 
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NCT01533922,NCT01431287,NCT01431274,NCT01559116,2' 
NCT01536262, NCT01525615). 

The results of these two trials, 1222. 1 1 and 1222. 12, dem- 
onstrating the efficacy and safety of olodaterol over 48 weeks, 
are consistent with the findings of the broader Phase III 
clinical development program for olodaterol. Other trials 
have demonstrated that olodaterol improves lung function 
in a maimer comparable with that of other bronchodilators, 
provides symptomatic benefit over 48 weeks, has a 24-hour 
bronchodilator profile similar to that of formoterol and tiotro- 
pium, and improves exercise capacity.-'-^*-^'*""' In line with 
Phase III trials that rigorously assessed the 24-hour broncho- 
dilation profile,^*'^' a bronchodilatory effect with olodaterol 
over 12 hours was observed. Together with improvements 
in trough FEVj response, this confirms that olodaterol is an 
effective once-daily agent. This has clinical significance in 
terms of offering improved convenience for patients, which 
can, in turn, improve adherence and clinical outcomes.'-' 
Unlike other licensed LABAs, which are administered in dry 
powder form, olodaterol was administered via the Respimat® 
inhaler. This provides an additional option for clinicians when 
prescribing bronchodilators, allowing treatments to be better 
tailored to individuals. 

Conclusion 

These studies demonstrate that olodaterol 5 |J,g and 10 |J,g 
once daily significantly improve lung function (FEVj AUC^ j 
and trough FEVj) in comparison with placebo, with no 
detected difference between doses, and are well tolerated in 
patients with moderate to very severe COPD who continue 
to receive usual-care maintenance therapy. 
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Online supplementary tables and figures 

Table SI Null and alternative hypotheses 

The superiority of olodaterol to placebo was tested by the comparison of the mean FEV| AUCu j response and the mean trough FEV| response. As 
there are two different dose levels of olodaterol (5 |J.g and 10 \lg) and two coprimary end points, the following hypotheses were tested in hierarchical 
order, each at 2.5% level of significance (one-sided) to protect the overall probability of type I error at 0.025 (one-sided). 

• Superiority in mean FEV| AUCu ^ response in patients treated with olodaterol 10 \lg compared to those treated with placebo at day 85 (after 
1 2 weeks of treatment) 

• Superiority in mean trough FEV| response in patients treated with olodaterol 1 0 |lg compared to those treated with placebo at day 85 (after 
1 2 weeks of treatment) 

• Superiority in mean FEV^ AUCu ^ response in patients treated with olodaterol 5 [ig compared to those treated with placebo at day 85 (after 
1 2 weeks of treatment) 

• Superiority in mean trough FEV| response in patients treated with olodaterol 5 \lg compared to those treated with placebo at day 85 (after 
1 2 weeks of treatment) 

Each test was considered confirmatory providing all the previous tests were successful. Otherwise, it was considered as descriptive. 
Abbreviations: FEV|, forced expiratory volume in 1 second; AUC^^, area under the curve from 0-3 hours. 



Table S2 Comparison of lung function results based on the original and revised statistical models 



Lung function 


1222.1 1 




1222.12 




at day 85 


Mean difference from placebo (SE) 


Mean difference from place 


bo (SE) 




Olodaterol 


Olodaterol 


Olodaterol 


Olodaterol 




s ^g 






10 ng 


Original model 










FEV, AUC„_3 


0.164 (0.023) 


0.155 (0.022) 


0.134 (0.022) 


0.130 (0.022) 


Trough FEV, 


0.084 (0.023) 


0.080 (0.022) 


0.033 (0.024) 


0.045 (0.023) 


Revised model 










FEV, AUC„_3 


0.172 (0.019) 


0.176 (0.019) 


0.151 (0.017) 


0.143 (0.017) 


Trough FEV, 


0.091 (0.019) 


O.IOI (0.019) 


0.047 (0.019) 


0.048 (0.019) 


Abbreviations: SE, standard error; FEV,, forced expiratory volume in 


1 second; AUC^^^, area under the 


curve from 0-3 hours. 
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Patients not 
randomized 
n=234 



Patients screened 
n=859 



Patients randomized 
n=625 



Patients not treated 
n=1" 



Placebo 
Treated n=209(100%) 



Discontinued treatment 
n=50 (23.92%) 

• AE (study disease worsening): 1 3 (6.22%) 

• AE (ottier disease worsening); 2 (0.96%) 

• AE (ottier): 6 (2.87%) 

• Lacl< of efficacy: 13 (6.22%) 

• Lost to foliow-up: 2 (0.96%) 

• Consent withdrawn: 11 (5.26%) 
•Other: 3 (1.44%) 



Completed 
n=159 (76.08%) 



Olodaterol 5 pg QD 
Treated n=208 (100%) 



Discontinued treatment 
n=35 (16.83%) 

• AE (study disease worsening): 7 (3.37%) 

• AE (other): 10(4.81%) 

• Lacl< of efficacy: 4 (1 .92%) 

• Non-compliance with protocol: 3 (1.44%) 

• Lost to follow-up: 1 (0.48%) 

• Consent withdrawn: 8 (3.85%) 

• Other: 2 (0.96%) 



Completed 
n=173 (83.17%) 



Olodaterol 10 pg QD 
Treated n=207 (100%) 



_L 



Discontinued treatment 
n=35 (16.91%) 

AE (study disease worsening): 4 (1 .93%) 
AE (other disease worsening): 3 (1 .45%) 
AE (other): 9 (4.35%) 
Lack of efficacy: 1 (0.48%) 
Non-compliance with protocol: 2 (0.97%) 
Lost to follow-up: 2 (0.97%) 
Consent withdrawn: 11 (5.31 %) 
Other: 3 (1 .45%) 



Completed 
n=172 (83.09%) 



Patients not 
randomized 
n=248 




Patients not treated 
n=2' 



Placebo 
Treated n=216 (100%) 



Discontinued treatment 
n=41 (18.98%) 

• AE (study disease worsening): 8 (3.70%) 

• AE (other disease worsening): 3 (1 .39%) 
•AE (other): 9 (4.17%) 

• Lack of efficacy: 10 (4.63%) 

• Non-compliance with protocol: 2 (0.93%) 

• Lost to follow-up: 1 (0.46%) 

• Consent withdrawn: 3 (1 .39%) 

• Other: 5 (2.31 %) 



Completed 
n=175 (81.02%) 



Olodaterol 5 pg QD 
Treated n=209 (100%) 



Discontinued treatment 
n=24 (11.48%) 

■ AE (study disease worsening): 3 (1 .44%) 

• AE (other disease worsening): 3 (1 .44%) 
•AE (other): 4 (1.91%) 

• Lack of efficacy: 5 (2.39%) 

• Lost to follow-up: 2 (0.96%) 

• Consent withdrawn: 5 (2.39%) 

• Other: 2 (C.96%) 



Completed 
n=1 85 (88.52%) 



Olodaterol 10 pg QD 
Treated n=217(100%) 



Discontinued treatment 
n=36 (16.59%) 

' AE (study disease worsening): 2 (0.92%) 
' AE (other disease worsening): 2 (0.92%) 

• AE (other): 16(7.37%) 

• Lack of efficacy: 2 (0.92%) 

• Lost to follow-up: 3 (1 .38%) 

• Consent withdrawn: 8 (3.69%) 

• Other: 3 (1 .38%) 



Completed 
n=181 (83.41%) 



Figure Sr Participant flow in study 1222.1 I (A) and study 1222.12 (B). 

Notes: ^One patient not treated because electrocardiogram was reviewed after randomization and was abnormal; ''one patient was excluded due to lacl< of Healtfi Insurance 
Portability and Accountability Act authorization; one patient discontinued prior to first drug dose. 
Abbreviations: QD, once daily; AE, adverse event. 
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Day 1 



B 



Week 12 



Placebo (n=423) 
Olodaterol 5 \ig (n=413) 
Olodaterol 10 \ig (n=421) 



-1:00 0:00 1:00 2:00 3:00 

Time since drug administration (h) 



Placebo (n=423) 
Olodaterol 5 pg (n=413) 
Olodaterol 10 ^Jg (n=421) 




-1:00 0:00 1:00 2:00 3:00 

Time since drug administration (h) 



Figure S2 FEV| over time from I hour pre-dose to 3 hours post-dose in the combined data set at day I (A) and week 12 (B). 
Abbreviations: FEV|, forced expiratory volume in I second; h, hours. 



m 
a. 



Study 1222.11 



Placebo (n=204) 
Olodaterol 5 Mg (n=202) 
Olodaterol 10 pg (n=203) 



12 16 20 24 28 32 36 40 44 48 

Weel< 



Study 1222.12 



5> 210 



■ Placebo (n=211) 

■ Olodaterol 5 pg (n=204) 

I Olodaterol 10 pg (n=214) 



SA^-'^W^ ^^^^ 



12 16 20 24 28 32 36 40 44 48 
Week 



B 



study 1222.11 



Placebo (n=203) 
Olodaterol 5 pg (n=199) 
Olodaterol 10 pg (n=203) 




16 20 24 28 32 36 40 44 48 
Weel< 



Study 1222.12 



m 

Q. 



a 210 



Placebo (n=213) 
Olodaterol 5 pg (n=205) 
Olodaterol 10 pg (n=215 ) 




16 20 24 28 32 36 40 44 48 
Weel< 



Figure S3 Weel<ly mean morning (A) and evening (B) PEFR over 48 v^eeks in study 1 222. 1 I and study 1 222. 1 2. 
Abbreviation: PEFR, peak expiratory flow rate. 



submit your manuscript | www.dovepress.com 

Dovepress 



International Journal of COPD 2014:9 



Doveoress 



Efficacy and safety of olodaterol in patients with GOLD 2-4 COPD 



Daytime use 



B 



Nighttime use 



Placebo (n=420) 
Olodaterol 5 \ig (n=409) 
Olodaterol 10 jjg (n=41 



Placebo (n=420) 
Olodaterol 5 (jg (n=409) 
Olodaterol 10 ^Jg (n=419) 



2> o 
0) 15 

E 3 ' 

> (0 
to ■ — ■ 
Q 




Treatment duration (weeks) 



Treatment duration (weeks) 



Figure S4 Daytime (A) and nigiittime (B) rescue medication use (combined data set). 

Note: Value plotted at week 0 is common baseline mean (daytime - 1 .200 actuations/day; nighttime -2.2 1 8). 



Table S3 Adjusted mean FEV| responses (absolute change from baseline) at key time points 



Mean (SE) AUC^3, L 


Study 1 222. 1 1 






Study 1222.12 








Placebo 


Olodaterol 


diodateroi 


rlacebo 


(Jlodaterol 


(Jlodaterol 




(n=208) 


S (ig (n=206) 


1 0 iiu (n—lQfi^ 

lU IXe III — i 


(n-A 1 3) 






Week 1 2 (coprimary 


-0.007 (0.014) 


0.165 (0.014)**** 


0.169 (0.014) 


0.008 (0.013) 


0.159 (0.013) 


0.152 (0.013) 


end point) 














Week 24 


-0.018 (0.014) 


0.156 (0.014)**** 


0.143 (0.014)**** 


-0.010 (0.013) 


0.155 (0.013)**** 


0.126 (0.013)**** 


Week 48 


-0.043 (0.014) 


0.130 (0.014)**** 


0.126 (0.014)**** 


-0.030 (0.013) 


0.132 (0.013)**** 


0.128 (0.013)**** 


Mean (SE) AUC^^ difference from placebo, L 










Week 1 2 (coprimary 




0.172 (0.019)**** 


0.176 (0.019)**** 




0.151 (0.017)**** 


0.143 (0.017)**** 


end point) 














Week 24 




0.174 (0.019)**** 


0.161 (0.019)**** 




0.165 (0.018)**** 


0.136(0.018)**** 


Week 48 




0.173 (0.019)**** 


0.169 (0.020)**** 




0.161 (0.018)**** 


0.158(0.018)**** 


Mean (SE) trough, L 


Study 1 222. 1 1 






Study 1222.12 








Placebo 


Olodaterol 


Olodaterol 


Placebo 


Olodaterol 


Olodaterol 




(n=200) 


S^g(n=l99) 


10 ng (n=202) 


(n=205) 


S ng (n=205) 


10 ng (n=207) 


Week 1 2 (coprimary 


-0.041 (0.014) 


0.050 (0.014)**** 


0.060 (0.014)**** 


-0.003 (0.014) 


0.044 (0.014)* 


0.045 (0.014)** 


end point) 














Week 24 


-0.050 (0.014) 


0.036 (0.014)**** 


0.039 (0.014)**** 


-0.036 (0.014) 


0.033 (0.014)*** 


0.022 (0.014)** 


Week 48 


-0.074 (0.014) 


0.019 (0.014)**** 


0.017 (0.014)**** 


-0.057 (0.014) 


0.01 1 (0.014)*** 


0.014 (0.014)*** 


Mean (SE) trough difference from placebo, L 










Week 1 2 (coprimary 




0.091 (0.019)**** 


O.IOI (0.019)**** 




0.047 (0.019)* 


0.048 (0.019)** 


end point) 














Week 24 




0.086 (0.019)**** 


0.089 (0.019)**** 




0.069 (0.019)* 


0.058 (0.019)** 


Week 48 




0.092 (0.019)**** 


0.091 (0.019)**** 




0.068 (0.019)*** 


0.071 (0.019)*** 



Notes: *P<0.05 versus placebo; **P<O.OI versus placebo; ***P<O.OOI versus placebo; ****P<O.OOOI versus placebo. 
Abbreviations: FEV|, forced expiratory volume in I second; SE, standard error; AUC^^^, area under the curve from 0-3 hours. 
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Table S4 Adjusted mean FEV| 


responses at key time points 


in tiotropium and non-tiotropium groups 


in the combined data set 


Mean (SE) AUC^j, L 


Placebo 


Olodaterol S 


Olodaterol 1 0 ^g 




(Tiotropium n=90 


(Tiotropium n=86 


(Tiotropium n=95 




Non-tiotropium n=333) 


Non-tiotropium n=327) 


Non-tiotropium n=326) 


VVeek 1 L 








Xiotropium 


U.UJ 1 lU.UZUI 


n 1 AO 0901**** 


0 1 3Q /O 0 1 Q\**** 




— U.UUo \ \j) 


0 1 67 CO 0 1 01**** 

\J. 1 DZ t U.U 1 \J 1 


0 1 66 ^0 0 1 01**** 

\1. 1 DO I U.Vj 1 \J 1 


Week 24 








1 lULI UUIUI 1 1 


0 0 1 fl 090^ 

\J.\J 1 O t U.UZU 1 


0 1 74 ^0 0701**** 


0 1 73 ffl 0191*** 


Non-tiotropium 


-0 023 CO 0 1 01 


0. 1 so (0.0 1 0)**** 


0.137 (0.010)**** 


Week 48 








Tiotropium 


-0.052 (0.020) 


0.148 (0.02!)**** 


O.IIO (0.019)**** 




— U.UjZ (^U.U I 


0 1 7fi ^0 01 01**** 

U. 1 ZD \\J.\J\\Jj 


0 1 37 m Oil 1**** 

\j. \ JZ 1 1 1 


nea.!! v^t^ trougn, l 


Placebo 


Olodaterol 5 )Xg 


Olodaterol 1 0 |xg 




(Tiotropium n=83 


(Tiotropium n=82 


(Tiotropium n=93 




Non-tiotropium n=322) 


Non-tiotropium n=322^ 


Non-tiotropium n=3l6 


vveek i z 








Ti(^1"rr»nii im 

1 1^ LI ^LJ 1 U 1 1 1 


0 001 ^0 02h 


0 043 ^0 02h 


0 039 ^0 019^ 


Non-tiotropium 


—0 n9Ji ('n n 1 o'l 


0.048 (0.010)**** 


O.OSS (0.01 !)**** 


vveeK z*T 








Xiotropium 


—0 009 /'n n? h 

— U.UUZ 1 U.UZ 1 1 


O.OSO (0.02 1 ) 


0.036 (0.020) 


Non-tiotropium 


-0.054 (0.01 1) 


0.030 (0.01 !)**** 


0.027 (0.01 !)**** 


Weel< 48 








Tiotropium 


-0.084 (0.021) 


0.0 IS (0.02!)** 


0.017 (0.020)*** 


Non-tiotropium 


-0.061 (0.01 1) 


0.014 (0.01 !)**** 


0.014 (0.01 !)**** 



Notes: **P<O.OI versus placebo; ***P<O.OOI versus placebo; **^P<O.OOOI versus placebo. 

Abbreviations: FEV|, forced expiratory volume in t second; SE, standard error; AUCg 3, area under the curve from 0-3 hours. 



Table S5 Adjusted mean rescue medication (difference 


from placebo) at key time points 




Mean (SE) rescue 


Study 1222.1 1 




Study 1222.12 




medication difference 


Olodaterol 


Olodaterol 


Olodaterol 


Olodaterol 


from placebo 


5 ng (n=205) 


lO^g (n=204) 


5 ng (n=205) 


lOng (n=2IS) 


Week 










Daytime rescue 










12 


-0.466 (0.173)** 


-0.S39 (0.172)** 


-0.328 (0.1! 4)** 


-0.434 (0.1 12)*** 


24 


-0.434 (0.143)** 


-0.S63 (0.143)**** 


-0.381 (0.1 17)** 


-0.497 (0.1 16)**** 


48 


-0.S02 (0.182)** 


-0.648 (0.182)*** 


-0.416 (0.127)** 


-0.SI3 (0.1 2S)**** 


Nighttime rescue' 










12 


-0.632 (0.206)** 


-0.884 (0.206)**** 


-0.376 (0.149)* 


-0.628 (0.147)**** 


24 


-0.686 (0.201)*** 


-0.962 (0.201)**** 


-0.474 (0.1 SI)** 


-0.6S0 (0.149)**** 


48 


-0.S82 (0.202)** 


-0.792 (0.202)*** 


-0.420 (0.1 S7)** 


-0.760 (0.1 SS)**** 


Notes: *P<0.05: **P<0.0 1 versus placebo; ***P<0.00 1 versus placebo 


. ****p<0.000 1 versus placebo. 


^Number of patients In the olodaterol 5 


subgroup for nighttime 


rescue medication was 204 In 


the 1 222. 1 1 study. Number of patients In 


the placebo arm for daydme an 


d nighttime rescue medication analysis was 205 for 1222.1 1 and 215 



for 1222.12. 

Abbreviation: SE, standard error. 



Table S6 Adjusted mean PGR (difference from placebo) at key time points 



Mean (SE) PGR Study 1 222. 1 I Study 1 222. 1 2 



difference from Olodaterol Olodaterol Olodaterol Olodaterol 

placet)" 5 ^g (n= 1 94) 10 |ig (n= 1 97) 5 ^g (n=202) 1 0 ng (n=205) 

Day 

43 -O.S (0.1)**** -0.4(0.1)**** -0.3(0.1)* -0.3(0.1)*** 

8S -0.4(0.1)**** -0.4(0.1)**** -0.3(0.1)** -0.3(0.1)* 

169 -0.3(0.1)**** -0.3(0.1)**** -0.2(0.1) -0.3(0.1)** 

Notes: *P<0.05; **P<O.OI versus placebo: ***P<O.OOI versus placebo; ****P<O.OOOI versus placebo. 
Abbreviations: PGR, Patient Global Rating; SE, standard error. 
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